Introduction
============

Diabetes threatens to overwhelm the health-care system in China. In 2011, the prevalence of all types of diabetes in China rose to a staggering 11.6%[@B1]. Type 2 diabetes mellitus (T2DM), which accounts for 85-95% of all diabetes cases, is characterized by complex traits and may result from both genetic and environmental factors.

Recently, genome-wide association studies have proven a considerable number of single nucleotide polymorphisms (SNPs) to be the basis of the genetic risk factors for T2DM, such as the SNPs in *TCF7L2*, *PPARγ*and *KCNJ11*[@B2]-[@B8]. However, these SNPs can only explain approximately 10% of the heritability of T2DM[@B9],[@B10]. Until recently, few studies have focused on examining the factors involved in the regulation of gene transcription and translation, such as microRNA (miRNA or miR).

miRNA, which is generated from endogenous hairpin structured transcripts throughout the genome, is estimated to regulate at least 20-30% of all human genes[@B11],[@B12]. miRNAs are small, single-stranded molecules with lengths of 21-23 nucleotides that serve as posttranscriptional regulators of mRNA. By binding to miRNA recognition elements in the 3\'untranslated region of mRNA, miRNA promotes mRNA degradation, inhibits its translation, negatively regulates target gene expression[@B12],[@B13], changes protein expressions and causes disease[@B14].

Recently, a number of studies have reported that miRNA contributes to the development of T2DM[@B15]-[@B19]. For example, miR-124a, abundant in the pancreatic beta cells, could regulate not only pancreatic β cell differentiation but also insulin secretion through its target gene, FoxA2 (forkhead box protein A2, also known as HNF3β)[@B20]. Moreover, both in vitro and in vivo studies have provided evidence that miR-146a plays an important role in the proinflammatory state in diabetes[@B21].

SNPs located in a miRNA region could affect the expression of target genes and be involved in the pathogenesis of T2DM. In 2013, Ciccacci *et al.* reported associations between SNPs in miRNAs and T2DM in a Caucasian population[@B22]. Due to the significant genetic differences between Caucasian and Asian populations, it seemed the important to evaluate the association of five SNPs (rs895819 in miR-27a, rs531564 in miR-124a, rs11888095 in miR-128a, rs3820455 in miR-194a and rs2910164 in miR-146a) in miRNAs with the presence of T2DM in a Chinese population. In addition, we also evaluated the association of these SNPs with individual metabolic traits in both the T2DM and non-diabetic (NDM) groups.

Materials and Methods
=====================

Ethics statement
----------------

This protocol was in accordance with the Declaration of Helsinki and was approved by the Institutional Review Boards of the Second People\'s Hospital of Yunnan Province. All participants provided written informed consent.

Subjects
--------

A total of 738 patients (467 males and 271 females) who were diagnosed with T2DM at the Second People\'s Hospital of Yunnan Province from December 2011 to November2014 were recruited into this study. The diagnosis of T2DM was confirmed using the World Health Organization criteria from 1999. The known duration of T2DM in the study participants ranged from 3 months to 28 years. The NDM group included 610 subjects (355 males and 255 females) with no family history of diabetes mellitus and who were recruited from individuals undergoing routine health checkups at the Second People\'s Hospital of Yunnan Province. Subjects with diabetes or impaired glucose tolerance were excluded from the NDM group on the basis of an oral glucose tolerance test. In addition, subjects with hypertension or coronary heart disease were also excluded from the study. All participants (T2DM and NDM) self-reported to be ethnically Han.

Laboratory measurements
-----------------------

Venous blood samples were collected in the morning after the subjects had fasted for 12 hours. Fasting plasma glucose (FPG) was assayed using the glucose oxidase method. Total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), triglycerides (TG) and low-density lipoprotein cholesterol (LDL-C) were determined by enzymatic methods. Glycosylated hemoglobin (HbA1c) was determined by immunoturbidimetry. All laboratory measurements were performed on a HITACHI 7600-020 Automatic Analyzer.

miRNA SNP genotyping
--------------------

Genomic DNA was extracted from peripheral lymphocytes using a standard hydroxybenzene-chloroform method. Five SNPs (rs895819 in miR-27a, rs531564 in miR-124a, rs11888095 in miR-128a, rs3820455 in miR-194a and rs2910164 in miR-146a) in miRNAs were detected by PCR amplification using a TaqMan assay (Applied Biosystems, Foster City, CA, USA). Some of the PCR products were characterized by direct sequencing on a 3100 Genetic Analyzer (Applied Biosystems, Tokyo, Japan) using the BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems) after purification with Sephadex™ G-50 (GE Healthcare, Piscataway, NJ, USA).

Statistical analysis
--------------------

SNPs were tested for Hardy-Weinberg equilibrium (HWE) in both the T2DM and NDM groups. The allele and genotype frequencies of the SNPs were calculated by the direct-counting method. A χ² test was used to determine differences in allele and genotype frequencies between the T2DM and NDM groups and the odds ratios (OR) with associated 95% confidence intervals (CI) of genotype-specific risks. The association between each SNP and T2DM was analyzed for mode of inheritance using SNPStats[@B23]. The Akaike information criterion (AIC) and Bayes information criterion (BIC) were used to determine the best fit model for each SNP. Analysis of variance (ANOVA) was used to compare the differences in metabolic traits between three genotype groups and these five SNPs. Bonferroni correction was used to compare the differences in metabolic traits between two of the three genotype groups. Statistical analyses were performed using SPSS 13 (Chicago, IL). A *P* value of less than 0.05 was considered statistically significant.

Results
=======

Subject characteristics
-----------------------

Table [1](#T1){ref-type="table"} lists the characteristics of the enrolled subjects. There were no age or gender differences between the T2DM and NDM groups, although the clinical values for metabolic traits, including FPG, TC, HDL-C, TG, LDL-C and HbA1c were significantly different between T2DM and NDM subjects (Table [1](#T1){ref-type="table"}).

Association of the five SNPs with T2DM
--------------------------------------

The allele and genotype frequencies for five SNPs in miRNA are listed in Table [2](#T2){ref-type="table"}. The genotype frequencies for SNPs were in HWE for the T2DM and NDM groups (P\>0.05), except for rs895819 in the T2DM group (P=0.022). In Table [2](#T2){ref-type="table"}, the allele and genotype distribution of the rs895819 in miR-27a, rs11888095 in miR-128a and rs3820455 in miR-194a showed no association with T2DM (P\>0.05). However, the allele and genotype distribution of rs531564 in miR-124a and rs2910164 in miR-146a showed association with T2DM (P\<0.05) (Table [2](#T2){ref-type="table"}).

Mode of inheritance analysis
----------------------------

Tables [3](#T3){ref-type="table"}-[4](#T4){ref-type="table"} and [Supplementary Tables 1](#SM1){ref-type="supplementary-material"}-3 present the results of analyses to determine the mode of inheritance for the five SNPs. To compare each inheritance model (codominant, dominant, recessive, overdominant and log-additive) to the most general model (codominant), the AIC and BIC were calculated to identify the inheritance model that best fit the data[@B20]. The model with the smallest AIC and BIC value corresponds to the minimal expected entropy[@B20]. The best fit inheritance model with the lowest AIC for rs531564 and rs2910164 was additive. For rs531564, the (2CC+CG) genotype was protective against T2DM (P=0.011, OR=0.77; 95%CI: 0.63-0.94) in the additive inheritance model. The rs2910164 (2GG+CG) genotype was also a protective factor against T2DM (P\<0.001, OR=0.70; 95%CI: 0.60-0.82) in the additive inheritance model.

Association between genotype and metabolic traits
-------------------------------------------------

No significant associations between the five SNP genotypes were observed with metabolic traits in both the T2DM and NDM groups (data not shown).

Discussion
==========

The Han Chinese population is more genetically predisposed to T2DM than European populations[@B24],[@B25]. It is therefore imperative to explore the genetic architecture and T2DM susceptibility loci that are unique to the Han Chinese population[@B26]. In this study, we evaluated the associations between five SNPs in miRNAs with T2DM in a Han Chinese population. Our results showed that among these SNPs, rs531564 in miR-124a and rs2910164 in miR-146a were associated with T2DM. In particular, the C allele for rs531564 was associated with a low risk of T2DM. Conversely, the C allele for rs2910164 was associated with an increased risk of T2DM. The other three SNPs (rs895819 in miR-27a, rs11888095 in miR-128a and rs3820455 in miR-194a) had no observed associations with T2DM in allele, genotype nor in different heritance models.

The miR-124a has been identified as being involved in the development of the pancreas and the differentiation of pancreatic β cells[@B20],[@B27]. Moreover, recent study has shown that miR-124a was hyper expressed in T2DM human pancreatic islet and its overexpression impaired the glucose-stimulated insulin secretion[@B28]. In 2013, Ciccacci*et al.*proved rs531564 in miR-124a, which is located in the pri-miR region, was associated with T2DM in an Italian population, and the G allele of rs531564 was the risk allele of T2DM[@B22]. In the current study, we also observed that rs531564 in miR-124a was associated with T2DM in a Han Chinese population, and the C allele of rs531564 was associated with a low risk of T2DM. In 2012, Qi L *et al.* showed that the G variant allele of rs531564 in miR-124a can alter the stability of the pri-miR and lead to a different mature miRNA structure; also, the amount of mature miR-124a in the CC genotype was 20% lower than in the GG genotype[@B29]. Thus, the miR-124a overexpression caused by the G allele could alter insulin secretion and create increased susceptibility to the development of T2DM.

The miR-128a and miR-194a were the predicted miRNAs targeted on the 3\' UTR of T2DM-associated genes involved in T2DM susceptibility analyzed by specific software[@B22]. The T2DM-associated genes are *IRS1*, *INSR*, *CAPN10*, *PPARγ*, *TCF7L2* and *KCNJ11*[@B2]-[@B8]. However, in the current study, we did not observe the association of rs11888095 in miR-128a and rs3820455 in miR-194a with T2DM. Moreover, Ciccacci *et al.* also failed to observe an association between these two SNPs with T2DM in an Italian population [@B22]. The reasons for the lack of associations of these two SNPs with T2DM could be miR-128a and miR-194a were predicted using software only, while no studies have directly proved their role in the development of T2DM. In addition, it could also be that these two SNPs might influence neither the structure nor function of those miRNAs.

Recently, miR-27a was found to be highly expressed in adipose tissue, and its suppression may be linked with adipocyte development by repressing PPARγ expression[@B30]. In 2010, Sun Q *et al.* reported that SNP-rs895819 (A/G) within the miR-27a and the AG and GG genotypes of miR-27a increase the amount of miR-27a when compared to the wild-type genotype[@B31]. In 2013, Ciccacci *et al.* reported that the G allele of rs895819 in miR-27a had a protective effect against T2DM in an Italian population[@B22]. However, in the current study, our results showed rs895819 in miR-27a was not associated with T2DM in a Han Chinese population. Interestingly, in 2014, Ciccacci *et al.*reported that the G allele of rs895819 in miR-27a was associated with a higher risk of early development of cardiovascular autonomic neuropathy[@B32]. Ciccacci *et al.*thought the cause of these different results may be that miR-27a was possibly involved in different pathways in both T2DM and diabetic cardiovascular autonomic neuropathy[@B32]. In the current study, because we did not collect data concerning complications in the T2DM subject, we do not have any further analysis for the association of these SNPs with complications of T2DM, which may be one of the limitations of our study.

The studies about miR-146a functions indicated that it is a negative regulator of NF-κB[@B33]. NF-κB activation promotes insulin resistance and is involved in the pathogenesis of T2DM [@B34],[@B35]. Moreover, impaired miR-146a levels were observed in diabetic subjects or models[@B21],[@B36]-[@B38]. In the current study, we observed that the rs2910164 C allele in miR-146a may increase the risk of T2DM in a Han Chinese population. In 2008, Jazdzewski K *et al.* proved that the rs2910164 C allele could interfere with binding to the nuclear factor of pre-miR-146a, reducing the amount of pre-miR-146a and mature miR-146a[@B39]. Thus, the rs2910164 C allele with decreased expression of miR-146a may increase susceptibility to T2DM. However, Ciccacci *et al*. failed to detect the association of rs2910164 with T2DM in an Italian population[@B22]. The genetic differences between Caucasian and Asian populations may illustrate the different results. Firstly, the G allele was a minor allele and the frequency was approximately 30-40% in the Han Chinese population. However, the C allele is a minor allele with a frequency of 22-26% in the European population (<http://asia.ensembl.org> /Homo_sapiens/Variation/Population?db=core;r=5:160484911-160485911;v=rs2910164;vdb=variation;vf=2579885). Secondly, the miR-146a expression level in T2DM subjects showed the discrepancy in different studies[@B36],[@B40],[@B41]. In 2011, Balasubramanyam *et al.* reported that the expression level of miR-146a was significantly lower in peripheral blood mononuclear cells in Indian T2DM subjects[@B36]. Otherwise, circulating miR-146a levels were higher in newly diagnosed T2DM subjects in a Han Chinese population[@B40],[@B41]. However, Zampetaki *et al.* showed that there was no notable association between plasma miR-146a and T2DM in an Italian population[@B42]. Another reason may result from the complexity of miRNA regulation[@B43]. In other words, each miRNA could have the potential to regulate multiple genes[@B43], and the same miRNA could be involved in the different pathways in T2DM and its complication, just as miR-27a may play different roles in T2DM and the complications thereof.

Conclusions
===========

To our best knowledge, this study provided the first evidence regarding the associations of five SNPs located in miR-27a, miR-124a, miR-128a, miR-194a and miR-146a with T2DM in an Asian population. Our study found that rs531564 in the miR-124a C allele may be associated with protective factors against the development of T2DM and that the rs531564 (2CC+CG) genotype has a lower risk of T2DM under additive models. Otherwise, the C allele of rs2910164 in miR-146a might increase the risk of T2DM. Moreover, the rs2910164 (2GG+CG) genotype may have a lower risk of T2DM under additive models. Our results revealed the genetic variation in miRNA might be involved the development of T2DM in the Han Chinese population. These results will provide evidence for the need to study the functional effects of variants miRNA on T2DM. In addition, the genetic differences between Caucasian and Asian populations and the complexity of miRNA regulation in T2DM and in the complications of T2DM may contribute to the unexpected results.
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###### 

Clinical characteristics of the subjects enrolled in the present study (Data are mean±SD)

                                                 Type 2 diabetes   Non-diabetic subjects   *P*
  ---------------------------------------------- ----------------- ----------------------- ---------
  n                                              738               610                     
  Age(years)                                     50.592±11.852     49.931±11.264           0.295
  Sex(M/F)                                       467/271           355/255                 0.064
  Total cholesterol(mmol/L)                      4.898±1.099       4.429±0.868             \<0.001
  Triglycerides(mmol/L)                          2.645±2.062       1.675±1.118             \<0.001
  High-density lipoprotein-cholesterol(mmol/L)   1.084±0.278       1.286±0.288             \<0.001
  Low-density lipoprotein-cholesterol(mmol/L)    2.672±0.985       2.090±0.617             \<0.001
  Fasting plasma glucose(mmol/L)                 7.950±2.466       4.959±0.627             \<0.001
  HbA1C(%)                                       8.910±2.691       5.200±0.502             \<0.001

###### 

Comparison of genotypic and allelic distribution of five SNPs (rs895819, rs531564, rs11888095, rs3820455 and rs2910164) between T2DMand NDM

  SNPs             Allele                      Chi2     *P*       Odds Ratio \[95%CI\]                                                    Chi2     *P*       H-W
  ---------------- ------------- ------------- -------- --------- ----------------------- --------------- --------------- --------------- -------- --------- -------
  **rs895819**     **C(freq)**   **T(freq)**                                              **C/C(freq)**   **C/T(freq)**   **T/T(freq)**                      
  T2DM             412(0.279)    1064(0.721)   0.957    0.328     1.089\[0.918\~1.292\]   45(0.061)       322(0.436)      371(0.503)      2.525    0.283     0.022
  NDM              320(0.262)    900(0.738)                                               40(0.066)       240(0.393)      330(0.541)                         0.681
  **rs531564**     **C(freq)**   **G(freq)**                                              **C/C(freq)**   **C/G(freq)**   **G/G(freq)**                      
  T2DM             208(0.141)    1268(0.859)   6.866    0.009     0.758\[0.616\~0.933\]   17(0.023)       174(0.236)      547(0.741)      6.992    0.030     0.476
  NDM              217(0.178)    1003(0.822)                                              26(0.043)       165(0.270)      419(0.687)                         0.064
  **rs11888095**   **C(freq)**   **T(freq)**                                              **C/C(freq)**   **C/T(freq)**   **T/T(freq)**                      
  T2DM             1219(0.826)   257(0.174)    0.866    0.352     0.908\[0.741\~1.113\]   507(0.687)      205(0.278)      26(0.035)       1.120    0.571     0.353
  NDM              1024(0.839)   196(0.161)                                               430(0.705)      164(0.269)      16(0.026)                          0.939
  **rs3820455**    **C(freq)**   **T(freq)**                                              **C/C(freq)**   **C/T(freq)**   **T/T(freq)**                      
  T2DM             179(0.121)    1297(0.879)   2.809    0.094     1.231\[0.965\~1.570\]   10(0.014)       159(0.215)      569(0.771)      3.983    0.136     0.768
  NDM              123(0.101)    1097(0.899)                                              9(0.015)        105(0.172)      496(0.813)                         0.211
  **rs2910164**    **C(freq)**   **G(freq)**                                              **C/C(freq)**   **C/G(freq)**   **G/G(freq)**                      
  T2DM             1024(0.694)   452(0.306)    21.644   \<0.001   1.459\[1.244\~1.712\]   364(0.493)      296(0.401)      78(0.106)       20.243   \<0.001   0.128
  NDM              742(0.608)    478(0.392)                                               236(0.387)      270(0.443)      104(0.170)                         0.078

###### 

Different inheritance models analysis of the SNP rs531564 in miR-124a between the T2DM and NDM group

  Model          Genotype   NDM(freq)     T2DM(freq)    Odds Ratio \[95%CI\]   *P*     AIC      BIC
  -------------- ---------- ------------- ------------- ---------------------- ------- -------- --------
  Codominant     G/G        419 (0.687)   547 (0.741)   1.00                   0.031   1855.6   1871.2
                 C/G        165 (0.271)   174 (0.236)   0.81\[0.63\~1.04\]                      
                 C/C        26 (0.043)    17 (0.023)    0.50\[0.27\~0.94\]                      
  Dominant       G/G        419 (0.687)   547 (0.741)   1.00                   0.028   1855.7   1866.1
                 C/G-C/C    191 (0.313)   191 (0.259)   0.77\[0.60\~0.97\]                      
  Recessive      G/G-C/G    584 (0.957)   721 (0.977)   1.00                   0.042   1856.4   1866.8
                 C/C        26 (0.043)    17 (0.023)    0.53\[0.28\~0.99\]                      
  Overdominant   G/G-C/C    445 (0.730)   564 (0.764)   1.00                   0.140   1858.4   1868.8
                 C/G        165 (0.271)   174 (0.236)   0.83\[0.65\~1.06\]                      
  Log-additive   \-\--      \-\--         \-\--         0.77\[0.63\~0.94\]     0.011   1854.1   1864.5

###### 

Different inheritance models analysis of the SNP rs2910164 in miR-146a between the T2DM and NDM group

  Model          Genotype   NDM           T2DM          Odds Ratio \[95%CI\]   *P*       AIC      BIC
  -------------- ---------- ------------- ------------- ---------------------- --------- -------- --------
  Codominant     C/C        236 (0.387)   364 (0.493)   1.00                   \<0.001   1842.3   1857.9
                 C/G        270 (0.443)   296 (0.401)   0.71\[0.56\~0.90\]                        
                 G/G        104 (0.171)   78 (0.106)    0.49\[0.35\~0.68\]                        
  Dominant       C/C        236 (0.387)   364 (0.493)   1.00                   \<0.001   1845.2   1855.6
                 C/G-G/G    374 (0.613)   374 (0.507)   0.65\[0.52\~0.81\]                        
  Recessive      C/C-C/G    506 (0.830)   660 (0.894)   1.00                   \<0.001   1848.6   1859.0
                 G/G        104 (0.171)   78 (0.106)    0.58\[0.42\~0.79\]                        
  Overdominant   C/C-G/G    340 (0.557)   442 (0.599)   1.00                   0.120     1858.2   1868.6
                 C/G        270 (0.443)   296 (0.401)   0.84\[0.68\~1.05\]                        
  Log-additive   \-\--      \-\--         \-\--         0.70\[0.60\~0.82\]     \<0.001   1840.3   1850.7
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